SUMMARY Small bowel transplantation (SBT) has been carried out in man in several cases without success, because immunologic problems were unsolved. In experimental SBT a 'two step' model was developed, which enables long term observation of immunologic phenomena. In this model the graft is in a heterotopic position to the recipient's own small bowel. After 35 days the recipient's own bowel is removed and replaced by the graft, now in orthotopic position and again in contact with luminal chymus. To investigate functional and morphological changes, which result from the procedure, the resorption of glucose and water was measured in syngeneic transplanted rats by an in vivo recirculation system and the mucosa was evaluated three dimensionally. The Several models for small bowel transplantation have been designed to investigate these problems. We must distinguish between three different types of transplantation. (1) Heterotopic auxiliary transplantation, in which the recipient's intestine remains in situ and the graft is transplanted as an adjunct to the recipient's organ, with the ileum of the graft attached to the recipient's ileum with an end-to-side anastomosis. (2) Orthotopic transplantation, in which the recipient's intestine is removed and replaced by the transplanted organ. (3) A combination of the two types, in which the organ is first transplanted heterotopically, then at a later date, the recipient's intestine is removed, and the graft is placed in orthotopic position.2
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ORTHOTOPIC SBT In the jejunum the villi did increase in size, but did not reach the values for those in the control intestine. The crypts were significantly longer than in the controls (p < 0-05). The other villus parameters (length and width) also increased. In the ileum the villi were significantly higher, and the crypts significantly longer than in the controls (p < 005). When the villous surface was calculated, the jejunal villi reached 70% of the control villi, and those of the ileal villi were 16% larger than in the controls (Fig. 1) .
Twenty one days after orthotopic SBT the absorption of both D-glucose (p < 005) and water (p < 0-05) had clearly increased and was significantly higher than in the controls, if absorption is expressed in ,tsmol or ml per unit of length of the intestine per minute (Fig. 2) . Expressed in terms of villous surface, the absorptive capacity for D-glucose increased by a factor of 1-6 and that for water by a factor of 14 in the graft, as compared with the controls. The absorptive capacity, expressed per unit intestinal length, is increased by a factor of [1] [2] [3] for both D-glucose and water in the graft. Earlier experiments had shown that autotransplantation of intestinal loops had no effect on the absorption of Dglucose, amino acids and fatty acids,'3" ",4 although in this kind of transplantation denervation and interruption of lymphatic vessels also occur.' By clamping mesenteric vessels for 30 minutes, Robinson and Mirkovitch showed a typical loss of transport capacity after ischaemia and a total morphological and functional recovery after mesenteric reperfusion of the clamped vessels." Similar to blind loop experiments, our morphometric results show that the crypt and villus compartments are atrophied after the period of heterotopic SBT. Corresponding to this atrophy, a decrease in absorption of water and D-glucose can be shown. Because in principle the architecture of the mucosa is intact, such factors as ischaemia and denervation or disconnection of lymphatic vessels do not seem to play an important role in absorption, even in the atrophic mucosa of the heterotopically transplanted intestine. Furthermore, ice cold ischaemia and storage of the graft during the first transplantation step can avoid severe damage to the mucosa by reducing cell metabolism, in contrast with the studies of Robinson and Mirkovitch, who worked under conditions of warm ischaemia."5 Twenty one days after orthotopic SBT we found that the mucosal compartments had recovered to a great extent. The crypts in jejunum and ileum and the villi in the ileum were longer than in controls, which indicates that chymus which could now pass through the graft, has a hyperregeneratory effect. Menge et al.'i were also able to show in selfemptying loops that when the loops were shifted back into the luminal passage there was a total restitution of morphology and function. Corresponding to this morphological restitution of the graft, D-glucose and water absorption is significantly increased in the orthotopically transplanted graft, compared with the controls -in a kind of overshooting phenomenon, expressed in terms of absorption/length of intestine.
If absorption is expressed in terms of units of mucosal surface area, the absorptive capacity for Dglucose shows only a slight trend to normalisation in orthotopically transplanted animals, compared with heterotopic grafting which is expressed in the decrease of the calculated absorption factor. This is in accordance with the clinical shape of the animals and with the restituted absorption after orthotopic SBT, although a slight mucosal atrophy can still be shown 56 days after orthotopic SBT. The explanation for this can be found in the data of Menge et al.,"7 who showed a decrease in alanine uptake, expressed per unit of surface area. Expressed as a function of a single enterocyte or per unit of intestinal length, however, it increased. This means that the villous surface is not as important for absorption as the functional status of the absorbing cells is in a hyperregeneration status. Thus we have an explanation for the increased body weight and the good clinical shape of the animals after orthotopic SBT, although the mucosa is still atrophied eight weeks after transplantation.
Our results indicate that the 'two step' model of small bowel transplantation is suitable for clinical application and that the absorption of monosaccharides and water is influenced to such an extent that recovery is possible after three weeks, thus enabling orthotopic SBT. This is further evidence for a regeneratory capacity, which is the prerequisite for clinical SBT.
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